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Recent advances in improving efficiency of thermoelectric materials are linked to 
nanotechnology. Thermodynamically driven spinodal decomposition was utilized 
to synthesize bulk nanocomposites. TiO2/SnO2 system exhibits a large spinodal 
region, ranging from 15 to 85 mole % TiO2. The phase separated microstructures 
are stable up to 1400 oC. Semiconducting TiO2/SnO2 powders were synthesized by 
solid state reaction between TiO2 and SnO2. High density samples were fabricated 
by pressureless sintering. Self assemble nanocomposites were achieved by 
annealing at 1000  to 1350 oC. X-ray diffraction reveal phase separation of  
(TixSn1-x)O2 type phases. The TiO2/SnO2 nanocomposites exhibit n-type behavior; 
a power factor of 70 W/mK2 at 1000 oC has been achieved with penta-valent 
doping. Seebeck, thermal conductivity, electrical resistivity and microstructure 
will be discussed in relation to composition and doping. 
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Space Power Generation








































Heat to Electric Power Generation
Waste Heat to Power
•
 




U.S.-energy consumption ~29 tera-kWh  (1012) 
Barrels of Oil –
 
170 giga-barrels (109) 
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Objective: High Conversion Efficiency            
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•Atom disorder                    •Supperlattices
•Alloying                             •Crystal Structures
•Anharmonic
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Fabrication of Nanostructure Solids
Goal: Preservation of the nanostructure during fabrication.







































































































































ZT=0.3 @ 1000 oC






























ΔT 0-50 oC/Furnace RT-1000 oC









• Specific Heat-Laser Flash





















































•MnO, CoO, CuO, ZnO
••+→ OSnTi VCoCoO '' ,
22
1'









•+→ OSnTi VInOIn 22 ' ,32
Sintering
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Electrical Conductivity
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Thermal Conductivity
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1.7 to 6.8 W/mK








•Best ZT ~ 0.05





/SnO2 compositions exhibit low thermal conductivity.
Reduction in thermal conductance by spinodal
 
microstructure
has not been isolated.
•Improvements in electrical conductivity is needed. Grain





deficiency enhances electrical conductivity.
•Sintering aids are required to densify equal-molar  and tin 
oxide rich compositions. MnO
 
and CoO
 
promoted phase 
separation.
